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In the world

In usual software architecture are described in “views”. |I[EEE 1471-2000
«Recommended Practice for Architecture Description of Software-Intensive
Systems»

Possible views:

* Functional/logic view

* Code/module view

* Development/structural view

* Concurrency/process/thread view
* Physical/deployment view

* User action/feedback view

* Data view



Definitions

architecture: The fundamental organization of a system embodied in its components, their
relationships to each other, and to the environment, and the principles guiding its design and
evolution.. [IEEE 1471]

system: A collection of components organized to accomplish a specific function or set of functions.
The term system encompasses individual applications, systems in the traditional sense, subsystems,
systems of systems, product lines, product families, whole enterprises, and other aggregations of
interest. [IEEE 1471]

A system’s environment, or context', can influence that system. The environment can include other
systems that interact with the system of interest, either directly via interfaces or indirectly in other
ways. The environment determines the boundaries that define the scope of the system of interest
relative to other systems. [IEEE 1471]

A mission is a use or operation for which a system is intended by one or more stakeholders to meet
some set of objectives. [IEEE 1471]

system stakeholder: An individual, team, or organization (or classes thereof) with interests in, or
concerns relative to, a system. [IEEE 1471]



Definition

ApXUTEKTYpa - 3TO Habop 3HaYMMbIX PELUeHU No NoBoAy OpraHmsaumMm CUCTEMbI NPOrpamMMHOro
obecnevyeHnsi, Habop CTPYKTYPHbIX 3/1IEMEHTOB W WX WHTEpPKENCOB, MPU MOMOLWM KOTOPbIX
KOMMOHYETCA CUCTEMA, BMeCcTe C WX MNOoBeAeHMeM, onpenensiemMbiM BO B3auUMOAENCTBUM MeXay
3TUMU 3/IEMEHTaMM, KOMNOHOBKA 3/1EMEHTOB B MOCTENEHHO YKPYMNHALWMECA NOACUCTEMbI , a TakKxe
CTU/Ib apPXUTEKTYPbl KOTOPbIA HanpaBnser 3Ty OpraHu3aunto -- 3/1IEMEHTbl U WX WHTEepPenchl,
B3anuMoAeNCTBUA 1 KOMMOHOBKY. [KpauteH (Kruchten)]

ApXuTekTypa nporpammbl UM KOMMbIOTEPHON CUCTEMbI - 3TO CTPYKTYpa WU CTPYKTYPbl CUCTEMBI,
KOTOpble BK/HOYAKT 3/71EMEHTbI MPorpaMmmbl, BUAMMbIE W3BHE CBOWCTBA 3TUX 3/IEMEHTOB U CBA3W
mMexay Humun. [bacc (Bass) n gp.]

[ApXxuUTeKTypa - 3T0] CTPYKTypa opraHM3aunmn n CBA3aHHOEe C Heil NoBeAeHne CUCTEMbl. APXUTEKTYPY
MOXHO PEKYPCUBHO pa3obpaTb Ha 4yacTu, B3auMOAEeNCTBYIOLLME NOCPeCTBOM UHTepdIencoBs, CBA3N,
KOTOpble COefMHSAT YacTu, U YC/I0BUSA COOpKM YacTeil. YacTu, KOTopble B3aMMOAENCTBYHOT vepes
NHTEPENCHI, BK/TOYAKOT K/1acCbl, KOMNOHEHTbI U nogcuctemsl. [UML 1.5]

ApXUTeKTypa nporpaMmMHoOro obecnevyeHns cuctemMbl UM Habopa CUCTEM COCTOUT M3 BCEX BaXKHbIX
MPOEKTHbIX peLeHnii Nno noBoAy CTPYKTYp nporpamMmmbl M B3aMMOLENCTBUA MeXay 3STUMMU
CTPYKTYypamun, KOTOpble COCTaB/IAOT CUCTeEMbl. [NpoekTHble pelleHus obGecneyvBaroT >KesaeMbii
Habop CBOWCTB, KOTOpble OO/HKHA NogAepXuBarb cCUcTema, 4Tobbl ObiTb ycrewHon. MpoeKkTHbIe
pelweHns npeaocTaBnAlT KOHLUENTYyasIbHY0 OCHOBY AJ/1 pa3paboTku CUCTEMbI, €e MOAAEPXKKU U
obcnyxumBaHua. [Mak-lrosepH (McGovern)]



Architecture ...

e Defines structure

e Defines behavior

e Concentrates on main elements

e Balances users' needs

* Based on logical decisions

* Influenced by environment

e Affects on users' communications
* Has special area(s) of use



Architectures
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Architectures
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Architectures
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Architectures
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Architecture's templates

* Blackboard

* Client-server (2-tier, n-tier, peer-to-peer, Cloud Computing all use this model)

* Database-centric architecture (broad division can be made for programs which have database at
its center and applications which don't have to rely on databases, E.g. desktop application programs,
utility programs etc.)

* Distributed computing

* Event Driven Architecture

* Front-end and back-end

* Implicit invocation

* Monolithic application

* Peer-to-peer

* Pipes and filters

* Plugin

* Representational State Transfer

* Rule evaluation

* Search-oriented architecture (A pure SOA implements a service for every data access point)

* Service-oriented architecture

* Shared nothing architecture

* Software componentry (strictly module-based, usually object-oriented programming within
modules, slightly less monolithic)

* Space based architecture

* Structured (module-based but usually monolithic within modules)

* Three-tier model (An architecture with Presentation, Business Logic and Database tiers)



Control models
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Control models
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Control models
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Modularity

Module — part of programm, which is a part of physical structure
of a system.

Modularity — system ability to be decompose/disassembled on
number internally linked but independent parts.

C(X) — complexity to solve problem X
T(X) — time to solve problem X

C(X)>C(yl) =>T(X)>T(yl)

:: C(X) >= C(y1) + 4*C(y2) => T(X) >= T(y1)+4*T(y2)
y2




Cost

Modularity

Number of modules >



Module (optimal)

Easy from outside than inside

Easy to use than to build



Information secrecy

Content(procedures, data) of modules must
be hidden from each other.

It means:

All modules are independent, they must exchange
only needed Information, access to module
structures Is restricted.

Advantage: ability to use different teams, easy to
modify system. An ideal module is a «black box»».



Cohesion

CBA3HOCTb Moaynsa (cohesion) — Is a measure
of how strongly-related or focused the
responsibilities of a single module are. As applied
to object-oriented programming, If the methods
that serve the given class tend to be similar In
many aspects, then the class is said to have high
cohesion. In a highly-cohesive system, code
readability and the likelihood of reuse Is
Increased, while complexity is kept manageable.



Cohesion

Cohesion is decreased if:

 The functionalities embedded in a class, accessed through its
methods, have little in common.

. Methods carry out many varied activities, often using
coarsely-grained or unrelated sets of data.

Disadvantages of low cohesion (or “weak cohesion”) are:

* |Increased difficulty in understanding modules.

e |Increased difficulty in maintaining a system, because logical
changes in the domain affect multiple modules, and because
changes in one module require changes in related modules.

* |Increased difficulty in reusing a module because most
applications won't need the random set of operations provided by a
module.



Cohesion

CyulecTByeT 7 TUNOB CBA3HOCTMU.
1.Coincidental cohesion (CC=0)
2.Logical cohesion (CC=1)

3. Temporal cohesion (CC=3)
4.Procedural cohesion (CC=5)
5.Communicational cohesion (CC=7)
6.Sequential cohesion (CC=9)
/.Functional cohesion (CC=10)



Coincidental cohesion

g Coincidental cohesion is
l when parts of a module
p—¥ o - are grouped arbitrarily;
| the only relationship

» |, ¢ between the parts is
that they have been
grouped together.




[Inammposare &

Procedural cohesion

aaaaaaaaaaa

Procedural cohesion Is
when parts of a module
are grouped because
they always follow a
certain sequence of
execution (e.g. a
function which checks
file permissions and
then opens the file).



Communicational cohesion

Communicational
cohesion Is when parts
of a module are

| grouped because they

operate on the same
! = data (e.g. a module

» Which operates on the

2 same record of
Information).




Seqguential cohesion

Sequential cohesion s
when parts of a module are
grouped because the
output from one part is the
iInput to another part like an

: J' assembly line (e.g. a
1 function which reads data
, > from a file and processes

the data)



Functional cohesion

Functional cohesion Is
when parts of a module are
grouped because they all
contribute to a single
well-defined task of the
module.



Cohesion

Mepa ceasHocTd | Cuennenwe | MomucbiumpyeMocTs [1OHATHOC Th ConpoBox 1aeMocTh
OyHKLUMOHANLHAR | xopowee | XOpoLLAR X0polLas xopolas
MocnefosatensHas | xopoles | Xopowas Onu3kas k xopowed | xopolas
WHchopMaLiMoHHas | cpetHee CpeIHAA CpeOHAS CpeHAA
[poLie oypHas MPUEMNEMOE | MPUEMNEMaR pHEMNENaR nAoxas
BpemeHHas nnoxoe Nnoxan Cp&IHAR noxas
Noriyeckas nnoxoe Nnoxan Nnoxan noxas
CnyvaitHas nnoxoe Nnoxan Nnoxan noxas




ANropnT™M onpeageneHns CBA3HOCTA

1. Ecnn moaynb — eanHUYHaA npobiemMHo-OpueHTUpoBaHHas
oyHKUMA, TO CBA3AHHOCTN — (DYHKUMOHa/IbHbIN. IHaue 2.

2. Ecnn pencteua BHYTPU Moayna ceA3aHbl, To 3. VIHave 6.

3. Ecnn gencrteuga BHYTPU MoAynA cBA3aHbl AaHHbIMU, TO 4. Ecnin
CBA3aHbl NOTOKOM ynpaB/eHus, TO 5.

4. Ecnv nopagok AeNCTBUN BaXKEH, TO NocniegoBaTeNbHbIv, MHavye
KOMMYHUKaTUBHbIN. KOHeLl,.

5.

6. Ecnu gencTemsa BHYTPU MOAyNA NpuHaanexar K OAHOM
Kateropuu, To JIOTMYECKNA, MHa4Ye No CoBMNaaeHuio.

[MpaBn10 napasinesnibHoON Lenm — camMmbil CUMbHbIN YPOBEHD.
[MpaBn10 nocsiegoBaTesibHO LUenu — camblil cnabbi YPOBEHb.



Coupling

CuenneHue (coupling) moayns is the degree to
which each program module relies on each one of
the other modules.



Data coupling

Y

Bbi3oB moayns B(1,'iBaHOB')

B

Data coupling is when
modules share data
through, for  example,
parameters. Each datum is
an elementary piece, and
these are the only data
shared (e.g., passing an
Integer to a function that
computes a square root).




Stamp coupling (Data-structured
coupling)

Stamp coupling Is
when modules share a
composite data
structure and use only a
| part of It, possibly a
Bbi3oB moayns B('iBaHoB U.B.;VIpKyTCK; l-Ieprlu.leBCKorod I_I._fe re nt part (e . g N
passing a whole record
B to a function that only

needs one field of It).

Y

This may lead to
changing the way a
module reads a record



Control coupling

Control coupling is one
module controlling the

v flow of another, by
chrar f@T passing it information on
what to do (e.qg.,
passing a what-to-do

flag).




Common coupling

@6&1 obnacTtb Az@}

Common coupling Is
when two  modules
share the same global
data (e.g., a global
variable).

Changing the shared
resource Implies
changing all the
modules using It.



Content coupling

-

Content coupling is when
one module modifies or
relies on the internal

workings of anot
(e.g., accessing
of another modu

ner module
ocal data

e).

Therefore changing the
way the second module
produces data (location,

type, timing) will

lead to

changing the dependent

module.



Compexity of software

M.Xoncrtepg (1977)

Tom MakKein6 (1978)




Compexity of software
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